abstract a total of 45 landrace × Yorkshire multiparous sows were used to evaluate the effect of dietary herbal extract mixture (Scutellaria baicalensis and Lonicera japonica, hem) supplementation in lactating sows under heat stress. Sows were randomly allotted to 1 of 3 dietary treatments: 1) con, basal diet; 2) trt1, basal diet with 5 g/d hem; 3) trt2, basal diet with 10 g/d hem. during lactation, dietary hem supplementation linearly increased (p<0.05) the average daily feed intake (adfi) and linearly decreased (p<0.05) backfat loss. the digestibility of dry matter (dm) was increased after farrowing (linear, p<0.05; quadratic, p<0.05) and weaning (linear, p<0.05) by hem supplementation. furthermore, hem treatment led to a lower (linear, p<0.01) serum cortisol level. in addition, administration of hem improved (linear, p<0.05) the piglets weaning weight and overall average daily gain (adg) during suckling period. meanwhile, on day 7 and 14 after birth, the fecal score of piglets was decreased (linear, p<0.01) by hem supplementation. taken together, under high ambient temperatures, inclusion of hem to lactation diets could improve the feed intake, digestibility of dm, piglets weaning weight and adg, while decreasing backfat loss, serum cortisol level, as well as the diarrhea of piglets.
It is well suggested that nutritional manipulations could be proposed as possible strategy to offset the consequences of heat stress in farm animals (Renaudeau et al., 2012) . The herbs and their extract were recognised for their ability to improve health status of animals against hot climates. These properties include antibacterial, antiviral, and stimulation of immune function (Wenk, 2003) . Additionally, herbs could contribute to the desired organoleptic qualities of the diets and stimulate the appetite, as well as improve digestive tract function by increasing hydrochloric and enzyme secretion, thus improving the feed intake (Frankič et al., 2009) . Among the variety of herbs, Scutellaria baicalensis and Lonicera japonica are both famous traditional medicinal plants in Eastern Asia. In addition to the beneficial effect on immune function and appetite, S. baicalensis and L. japonica have been used to "clear away the body heat" in clinic (Pei, 1991; Li et al., 2004; Shang et al., 2011) . As the main active component, the flavones existing in these two herbs (Table 1) could inhibit the expression of heat shock proteins (Hosokawa et al., 1990) , thus ameliorating the adverse effect of heat stress. Furthermore, there is some evidence that S. baicalensis possess an anti-stress effect in rats (Ryu et al., 2004) . In swine production, the application of phytogenic additive is not a new idea, however, in comparison with the vast number of positive results reported on the herbal extract supplementation to weaning, growing and finishing pigs diets (Nofrarias et al., 2006; Peeters et al., 2006; Szewczyk et al., 2006; Kong et al., 2007 a, b; Wang et al., 2007; Kong et al., 2009; Yan et al., 2011 a, b; Huang et al., 2012; Yan et al., 2012) , there is relatively little published data about herbs for lactating sows. Moreover, there is a lack of sufficient evidence to show the effects of dietary herbal extract supplementation on the performance of lactating sows under heat stress and the nursing piglets responses. Additionally, from the foregoing, we wondered if S. baicalensis and L. japonica could ameliorate heat stress and improve the perfor-mance of lactating sows. Therefore, this study was conducted to evaluate the effect of herbal extract mixture (HEM) made up of S. baicalensis and L. japonica supplementation on reproductive performance of lactating sows under heat stress.
material and methods
All procedures involving animals were approved by the Animal Care and Use Committee of Dankook University.
preparation of herbal extract mixture
The dietary additive used in the present study was composed of two dried herbs including Scutellaria baicalensis and Lonicera japonica, which were bought from a local medicine market in Korea. In brief, the dried plant material was chopped and ground to pass 100 mesh (2 mm). Then, 100 kg of each powdered medicinal herb was extracted with 70% methanol (200 L) by a large-scale extractor (CoBiotechk, Seoul, Korea) at room temperature for 24 h. The 70% methanol solution was filtered 2 to 3 times through cheesecloth, and the filtrate was evaporated under vacuum, after which the evaporated filtrate was freeze-dried and crushed in the form of powder extract. Finally, a mixture of 55% Scutellaria baicalensis powder extract, 25% Lonicera japonica powder extract, and 20% carrier (wheat bran), was used as HEM for the sows' diets.
animals, housing and treatment
The experiment was conducted during summer season in Dankook University (Cheonan campus) farm, with an ambient temperature of 28.39±0.84°C and a relative humidity of 68.72±4.15%. The temperature and relative humidity of the pig house were determined by using a real-time hygrometer (IAQ-2-TH, GR Technology, Changsha, China), the daily average value was obtained and calculated from the hygrometer. A total of 45 Landrace × Yorkshire, multiparous sows (n = 15/treatment) were used in this 36-day trial. Approximately 7 days before the expected time of parturition, sows were moved into the farrowing facility and allotted to one of three dietary treatments: 1) CON, basal diet; 2) basal diet with 5 g/d HEM; 3) basal diet with 10 g/d HEM. Sows were provided with feed on each morning and evening, the feed consumption was limited to 2.5 kg/d during gestation and was increased gradually by 1 kg/d after farrowing until reaching the maximal allowance. Dietary nutrients were formulated to meet or exceed the NRC (2012) recommendations (Table 2). Sows were housed in farrowing crates (2.1 m × 0.6 m) which contained an area (2.1 m × 0.6 m) for newborn piglets on each side. Heat lamps were provided for piglets. Piglets were treated according to routine management practices that included teeth clipping, tail docking, ear notching and subcutaneous iron dextran injections (1 mL per pig) within 24 h of birth. Sows were given free access to water throughout the experimental period, and the piglets received no creep feed. 
Sampling and measurements
Individual sow was weighed and scanned for backfat thickness before 4 days of parturition, and within a few hours after day of farrowing, as well as on day 29 of lactation to determine weight and backfat loss. The backfat thickness of the sows (5 cm off the midline at the 10th rib) was measured using a real-time ultrasound instrument (PigLog 105; SFK Technology, Herlev, Denmark). During lactation, feed consumption was recorded for each sow to calculate average daily feed intake (ADFI). During the experimental period, numbers of piglets alive and dead per litter were recorded to calculate survival ratio. Individual piglet weight was measured at birth and weaning (day 29 of lactation) to determine weight gain. After weaning, the estrus interval was recorded for each sow.
One week before farrowing and weaning, sows were fed diets mixed with chromic oxide (Cr 2 O 3 , at 0.2% level) as an indigestible marker to calculate apparent total tract digestibility (ATTD) of dry matter (DM) and nitrogen (N), and gross energy (Ball and Aherne, 1987) . Before two days of farrowing and weaning, fecal samples were collected from each sow via rectal massage. All fecal samples, as well as feed samples, were stored at -20°C until analysis. Before chemical analysis, fecal samples were thawed at 57°C for 72 h, after which they were ground to pass through a 1-mm screen. All feed and fecal samples were analyzed for DM (method 930.15, AOAC, 2007) and N (method 990.03, AOAC, 2007) . Chromium was analyzed via UV absorption spectrophotometry (Shimadzu UV-1201, Shimadzu, Kyoto, Japan). Gross energy was determined using a Compensated Jacket Calorimeter 6100 (Parr Instrument Co., Moline, IL, USA).
At the beginning and the end of experiment, blood samples were taken by jugular venipuncture using vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) from each sow. After collection, the serum samples from vacuum tubes were centrifuged (2,000 × g) for 30 min at 4°C. The blood aspartate transaminase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP) concentrations and glucose levels were assessed using an automatic biochemistry analyzer (HITACHI 747, Japan). Anaplastic lymphoma kinase (ALK), triiodothyronine (T3), thyronine (T4), and cortisol levels were determined by using a radioimmunoassay kit (Diagnostic Products Co., USA). The adreno-cortico-tropic-hormoneurea (ACTH) and prolactin was measured by Cobra 5010 Quantum (Diagnostic Products Co., USA).
Fecal scores of piglets on day 7, 14, 21 and 29 (weaning) after farrowing were visually assessed using a subjective score on a five-point scale ranging from 1 to 5 according to the method of Hu et al. (2012): 1 = hard feces, 2 = firm well formed, 3 = soft and partially formed feces, 4 = loose, semi-liquid feces, and 5 = watery feces. A score of 4 or 5 was considered as severe diarrhea.
Statistical analyses
All experimental data were analyzed using the GLM procedure of SAS (SAS 8.0, Inst. Inc., Cary, NC, USA), the sow and litter of piglets was used as the experimental unit. Polynomial contrasts were used to determine the linear and quadratic effects of increasing HEM levels. Probability values <0.05 were considered as significant.
results

Sow performance
As presented in Table 3 , the lactation ADFI was linearly increased (P<0.01) by dietary supplementation of HEM. Additionally, during lactation, the inclusion of HEM decreased (linear, P<0.05) the backfat loss. Sow body weight loss and backfat loss after farrowing, estrus interval, and litter numbers were not affected (P>0.05) by HEM supplementation.
nutrient digestibility
As shown in Table 4 , the inclusion of HEM increased the ATTD of DM after farrowing (linear, P<0.05; quadratic, P<0.05) and weaning (linear, P<0.05). The addition of HEM in the lactation diets had no effect (P>0.05) on ATTD of N and energy. 
Blood profiles
Dietary HEM supplementation reduced (linear, P<0.001) serum cortisol level at the end of the experiment (Table 5 ). There were no differences (P>0.05) in serum concentration of AST, ALT, γ-GT, ALK, glucose, T3, T4, ACTH and prolactin among dietary treatments at both beginning and weaning. performance and fecal score of piglets There were no differences (P>0.05) in piglet birth weight and survival among treatment groups (Table 6 ). The weaning weight and overall ADG was improved (linear, P<0.05) by HEM supplementation. On day 7 and 14 after birth, the fecal score of piglets was linearly decreased (P<0.01) by inclusion of HEM (Table 7) . discussion Milk yield of lactating sows is critical to the survival of neonatal piglets and their growth prior to weaning, thus, the great milk yield is a prerequisite for pig herds to be profitable (Harrell et al., 1993) . Maximum sow milk output requires that feed intake is maximised. There is considerable evidence that high ambient temperature has a direct effect on reducing voluntary feed intake and milk production of the sows (Prunier et al., 1997; Quiniou and Noblet, 1999; Renaudeau et al., 2001 ). This reduction seems to be an adaptation that decreases heat production due to the thermic effect of feed (Noblet and Shi, 1993) . It has been suggested that herbs could influence the eating pattern and stimulate the appetite of the animals, and subsequently increase the total feed intake (Wenk, 2003) . Likewise, there are many reports on improved feed intake through herbal additives in swine (Peeters et al., 2006; Szewczyk et al., 2006; Wang et al., 2007; Yan et al., 2011 a, b; Huang et al., 2012; Yan et al., 2012) . However, the scientific information on the influence of herbal products on feed intake of sows is limited. In this study, a higher ADFI of sows in the HEM treatments was observed. With regards to the feed intake of lactating sows, the greater litter size and piglet birth weight can also increase sow feed intake because of a larger nutrient requirement for milk production. However, there were no significant differences in litter size and piglet birth weight in this study, therefore, the improved lactation ADFI could mainly be attributed to the dietary treatment. Similar results were obtained by Allan and Bilkei (2005) , who demonstrated that dietary supplementation of 1000 ppm herb (oregano) to multiparous sows led to higher daily voluntary feed intake compared to non-treated sows. Zhong et al. (2011) also reported that a phytogenic feed additive (at 0.04% level) increased the ADFI of lactating sows. Furthermore, it should be noted that supplementation of HEM to sow lactation diets obviously decreased backfat loss. In fact, previous studies have reported that high ambient temperature induces a decrease of total feed intake, and subsequently increases mobilization of body reserves (Quiniou and Noblet, 1999) . As known, nutrients for milk production come from feed and body reserves, and most of the BW loss during lactation corresponds to the fat tissue depletions implied in meeting the nutritional deficit of sows for milk production (Noblet et al., 1998) . Even if the subsequent reproductive performance were not tested in the current study, available results clearly indicated that increased depletion of body reserves has major consequences on reproductive performance of sows (Quesnel et al., 1998) . The present results suggested that the HEM could moderate the mobilization of body reserves of lactating sows through increasing feed intake under a hot condition.
In addition to feed intake, the nutrient digestibility of lactating sows can also influence the milk yield. In the present study, the ATTD of DM was improved by HEM supplementation. In agreement with our results, Wang et al. (2008) suggested that phytogenic substances increased the digestibility of DM during lactation. It has been documented that a wide range of spices, herbs, and their extracts exert beneficial actions on the digestive tract, such as prevention from flatulence, stimulation of digestive secretions (e.g., saliva), bile, and mucus, as well as enhanced activity of digestive enzymes of gastric mucosa (Chrubasik et al., 2005; Srinivasan, 2005) . Czech et al. (2009) have confirmed that the beneficial effect of herbs could be ascribed to the positive active substances on the digestive processes and nutrient metabolism. Huang et al. (2012) also indicated that medicinal plants supplementation provided a healthy and functional intestine, which in turn enhanced the nutrient digestibility. Therefore, the increased digestive capacity may be considered the primary reason for the improvement of nutrient digestibility of the sows.
The serum cortisol levels are often used as major physiological indicators of heat stress in animals (Abilay et al., 1975; Quiniou and Noblet, 1999) . It is clear that heat stress can stimulate the release of cortisol (Brenner et al., 1998) . According to Lee et al. (2007) , the S. chinensis and S. baicalensis extract mixture could reduce the serum cortisol levels in an acute stress model of mice. Similar results in finishing pigs were obtained by Wang et al. (2007) . In accordance with these findings, this study demonstrated that supplementation of HEM generated a decrease of serum cortisol. This decrease could be attributed to the anti-stress, tranquilizing and sedative properties contained in active compounds of S. baicalensis and L. japonica, such as flavonoids, organic acids, iridoids and saponins (Table 1) (Pei, 1991; Shang et al., 2011) . Besides, higher levels of cortisol in the bloodstream have negative effects on reducing immunity (Segerstrom and Miller, 2004) . The immunomodulatory activity of S. baicalensis and L. japonica can improve sows' health status in response to heat stress as well. Such beneficial effects may also be responsible for the boosted feed intake and nutrient digestibility in this study.
Alternatively, the obtained data of this study indicated that piglets weaned from HEM supplemented sows had a greater weaning weight and overall ADG. The superior growth rates of these piglets suggested that the HEM supplementation might improve the sows' milk production, and this improvement of milk output may be a result of enhanced feed intake and nutrient digestibility. Consistent with our study, Ilsley et al. (2002) reported that inclusion of an herbal extract blends to lactation diet enhanced piglet performance and resulted in higher weight at weaning. Similar effects were also observed by Zhong et al. (2011) , who reported that supplementation of 0.04% phytogenic additive to sows had a positive effect on the litter performance. Taking into account the fecal score of piglets, the present study showed that dietary supplementation of HEM significantly decreased the fecal score at days 7 and 14 after birth. Based on the available literature, it is suggested that herbal extract supplementation could increase milk quality through two mechanisms. On the one hand, it has been suggested that the herbs could lead to an improvement in antibodies levels of colostrum (Watson, 1980) . In this regard, Mcintosh et al. (2003) reported that herbal extract (essential oil derived from oregano) supplementation decreased populations of undesirable microorganisms and stimulated the secretion of antibodies, thus positively influencing IgG and IgA level in colostrum. Zhong et al. (2011) also demonstrated that the IgG concentration of milk was increased at 7 d of lactation by 0.02% and 0.04% phytogenic additive supplementation. On the other hand, the beneficial properties of herbal extract such as antimicrobial, antiviral and stimulation of immune system could improve uterine involution and protect the sow from possible postpartum urogenital infections (Bilkei, 1995) . Furthermore, the anti-inflammatory and antioxidant activities are able to decrease the prevalence of mastitis (Amrik and Bilkei, 2004) .
conclusions
In summary, this study demonstrated that supplementation of S. baicalensis and L. japonica extract mixture to lactation diets during summer could increase feed intake and nutrient digestibility of sows while reducing the serum cortisol levels. The herbal products supplementation also improved the growth rate of nursing piglets and decreased piglets' diarrhea. These findings provided a potential nutritional manipulation strategy to ameliorate the adverse effect of seasonal heat stress in lactating sows. 
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